Abstract Rationale: Orphanin FQ/nociceptin (OFQ/N), the endogenous ligand of the opioid receptor-like (ORL-1) receptor, shows similarities to dynorphin A (1-17) in structure and functions. Dynorphin and other kappa opioid receptor agonists have been shown to block cocaine sensitization. Objective: The present study was designed to examine the ability of OFQ/N to block cocaine-induced behavioral sensitization. Methods: Rats were habituated to testing chambers for 1 h, injected with artificial cerebrospinal fluid (aCSF) or OFQ/N (15 nmol) followed by saline or cocaine (20 mg/kg) and locomotor activity was measured for a further 1 h. Rats were treated similarly for the next 2 days except the dose of OFQ/N was doubled on each subsequent day. Rats were then challenged with cocaine (7.5 mg/kg) in the absence of OFQ/N on day 8. The specificity of OFQ/N's action was examined in the presence of J-113397 (30 nmol), an ORL-1 receptor antagonist. The ability of OFQ/N to block the context-independent component of cocaine sensitization was also tested wherein rats were treated in their home cages on days 1-3. Finally, the effect of intra-VTA OFQ/N administration on cocaine sensitization was examined. Results: Sensitization did not develop in rats repeatedly treated with OFQ/N, via either route of administration, prior to cocaine administration on days 1-3. The inhibitory effect of OFQ/N was not dependent on context and was blocked by pretreatment with J-113397. Conclusion: Our results indicate that OFQ/N blocks cocaine-induced behavioral sensitization through activation of the ORL-1 receptor and that the VTA may be one of the substrates for this action of OFQ/N.
Introduction
Repeated intermittent administration of cocaine induces a state of behavioral sensitization or reverse tolerance, a phenomenon that has been proposed as an animal model of drug craving and psychosis (for review, see Robinson and Berridge 2000) . Enhanced mesoaccumbens dopaminergic neurotransmission has been associated both with psychostimulant-induced sensitization and with a number of neuropsychiatric disorders (Hockfelt et al. 1974; Robinson and Becker 1986; Robinson and Berridge 1993; Vanderschuren and Kalivas 2000) . Furthermore, chronic use of psychostimulants has been shown to elicit paranoid psychosis and panic attacks (Matthysse 1973; Stevens 1973; Hockfelt et al. 1974; Post and Contel 1983; Robinson and Becker 1986; Robinson and Berridge 1993) . Thus, drugs affecting the development of behavioral sensitization to cocaine could represent pharmacotherapeutic agents with potential for treatment of cocaine addiction and certain psychiatric disorders.
Behavioral sensitization is believed to be due to numerous changes that occur along the mesolimbic dopaminergic neuronal axis. In particular, changes in the dynamics of dopamine release and dopamine receptor number and function have been demonstrated (for reviews, see Woolverton and Johnson 1992; Vanderschuren and Kalivas 2000) . One interesting feature of sensitization is its long-lasting aspect (Robinson and Becker 1986; Woolverton and Johnson 1992) that is reminiscent of long-term potentiation (LTP) and other N-methyl-daspartate (NMDA) receptor-mediated events. Indeed, extracellular levels of glutamate increase in the ventral tegmental area (VTA) after cocaine administration in sensitized rats (Kalivas and Duffy 1998) and inhibition of the NMDA receptor has been shown to block sensitization induced by psychostimulants (Karler et al. 1989 , see also Vanderschuren and Kalivas 2000, for review) . These data strongly suggest that hyperactivity of not only the dopaminergic but also the glutamatergic system is involved in cocaine-induced sensitization. Accordingly, an agent with dual activity to modulate both dopaminergic and glutamatergic neurotransmission might be particularly effective in blocking cocaine sensitization.
Orphanin FQ/nociceptin (OFQ/N), the endogenous agonist ligand of the opioid receptor-like (ORL-1) receptor (Meunier et al. 1995; Reinscheid et al. 1995) , is a potential candidate in this regard. Thus, OFQ/N administration has been shown to attenuate basal (Murphy et al. 1996; Lutfy et al. 2001a ) and drug-induced increases (Di Giannuario et al. 1999; Di Giannuario and Pieretti 2000; Lutfy et al. 2001a) in extracellular dopamine in the nucleus accumbens. Additionally, OFQ/N has been demonstrated to decrease glutamate release in the cortex (Nicol et al. 1996) and lateral amygdala (Meis and Pape 2001) . The effect of OFQ/N on dopamine release and motor behaviors (Devine et al. 1996b; Murphy et al. 1996; Lutfy et al. 2001a ) is similar to the action of kappa opioid receptor agonists, agents that have been shown to block cocaine sensitization (for review, see Shippenberg and Rea 1997) . However, aversive responses can be observed following administration of kappa opioid receptor agonists (for review, see Herz 1998), making them unsuitable therapeutic agents. OFQ/N, on the other hand, is apparently devoid of such an effect (Devine et al. 1996a) , raising the possibility that this novel peptide may block cocaine-induced behavioral sensitization without dysphoric side effects.
The VTA has been identified as a major site for mediating the development of sensitization to psychostimulants (Vezina 1993 ) and also as a substrate for the action of OFQ/N on dopaminergic neurotransmission Narayanan and Maidment 1999; Lutfy et al. 2000b) . A previous report in our laboratory showed that intra-VTA OFQ/N administration failed to block development of behavioral sensitization to cocaine (Narayanan and Maidment 1999) . In that study, the dose of OFQ/N injected into the VTA (30 g/side) was held constant each day during the induction of cocaine sensitization. Since rapid tolerance develops to the action of OFQ/N (Devine et al. 1996b ), the present study was designed to revisit the question by examining the effect of OFQ/N on cocaine-induced behavioral sensitization using an escalating dosing regimen of OFQ/N administered either intracerebroventricularly (ICV) or directly into the VTA. The specificity of OFQ/ N's effects was determined using the ORL-1 receptor antagonist, J-113397 (Kawamoto et al. 1999) . Furthermore, the effect of OFQ/N on the context-independent component of cocaine sensitization was also evaluated.
Materials and methods

Subjects
Male Sprague-Dawley rats, weighing 180-200 g obtained from Harlan (San Diego, Calif., USA), were housed two or three per cage with free access to food and water. All experiments were conducted during the light phase of a 12-h light/12-h dark cycle in accordance with the National Institutes of Health Guide for the Care and Use of Animals in Research (1996) and approved by the Institutional Animal Care-Use Committee.
Experiment 1
Initially, the effect of OFQ/N, administered ICV, was examined on cocaine-induced behavioral sensitization. For guide cannula implantation, rats were anesthetized with halothane in a mixture of oxygen and nitrous oxide (1:1) and placed in a stereotaxic frame. The skull was exposed and a 22G guide cannula (ID=0.39 mm; OD=0.71 mm; 3.5 mm long; Plastic One, Inc., Roanoke, Va., USA) was implanted 0.5 mm above the right lateral ventricle. The coordinates from bregma and skull surface, respectively, for the tip of the injection needle were AP=-0.8 mm; ML=+1.4 mm; DV= -4.0 mm according to the atlas of Paxinos and Watson (1986) . The guide cannula was secured to the skull by dental cement and two metallic screws. Rats were allowed 4 days to recover from the surgery. On day 1 of sensitization paradigm, rats were habituated to cylindrical testing chambers (34 cm diameter30 cm high made of gray plastic) for 1 h, during which time their locomotor activity was recorded as distance traveled in 15-min epochs using a Videomex-V system (Columbus Instruments, Ohio, USA). Subsequently, rats were injected with either artificial cerebrospinal fluid (aCSF) or OFQ/N (15 nmol) into the right lateral ventricle. Immediately thereafter the rats received an intraperitoneal (IP) injection of either saline (SAL) or cocaine (COC, 20 mg/kg). Total distance traveled (cm) was recorded for a further 1 h. This procedure was repeated on days 2 and 3. However, the dose of OFQ/N was doubled each day, i.e. 30 and 60 nmol on days 2 and 3, respectively. Rats did not receive any treatment for the next 4 days. On day 8, rats were placed in the testing chambers and their activity was recorded for 1 h, injected with a low dose of cocaine (7.5 mg/kg, IP) alone and locomotor activity was recorded for a further 1 h.
Experiment 2
The specificity of OFQ/N's effect on cocaine-induced behavioral sensitization was examined using J-113397, an ORL-1 receptor antagonist (Kawamoto et al. 1999) . Rats were habituated to the testing chambers for 1 h and thereafter treated with vehicle [V; 20% dimethyl sulfoxide, (DMSO)] or J-113397 (J; 30 nmol, ICV). After a 15-min delay, rats were injected with aCSF or OFQ/N (15 nmol, ICV) and received cocaine (20 mg/kg, IP). Locomotor activity was measured for an additional hour. The same treatment was administered on days 2 and 3, except the dose of OFQ/N was escalated as in experiment 1. Rats were then left untreated on days 4-7 and tested on day 8 as described for experiment 1.
Experiment 3
To determine the effect of OFQ/N on context-independent component of cocaine sensitization, rats were treated with aCSF or OFQ/N (15 nmol, ICV) followed by saline or cocaine (20 mg/kg, IP) in their home cages, as opposed to the test chambers as described for experiment 1. Rats were treated similarly on days 2 and 3, except the dose of OFQ/N was escalated on days 2 and 3 as above. Rats were then tested on day 8 in the testing chambers as described for experiment 1.
Experiment 4
In this experiment, the effect of OFQ/N administered directly into the ventral tegmental area (VTA) was determined on cocaineinduced behavioral sensitization. Rats were prepared for surgery as described above, except guide cannulae (ID=0.39 mm; OD=0.71 mm; 5.0 mm long; Plastic One) were implanted bilaterally 3.7 mm above the VTA with a 10 angle. The coordinates from bregma and the skull surface, respectively, for the tip of the injection needle in the VTA were AP=-4.8 mm; ML=€2.7 mm; DV=-8.7 mm according to the atlas of Paxinos and Watson (1986) . Rats were treated as described for experiment 1, except the dose of OFQ/N was 7.5, 15 and 30 nmol, on days 1, 2 and 3, respectively and injections were made bilaterally.
Histology
At the end of each experiment, rats were deeply anesthetized with sodium pentobarbital (100 mg/kg, IP) and perfused transcardially with phosphate buffered saline (PBS) followed by 50 ml phosphate buffered formalin (10%). Brains were then removed and sectioned (40 m) using a cryostat (Leica Instruments Gmbh, Germany). Brain slices were mounted on gelatin-coated slides and stained with cresyl violet and viewed under a microscope. Based on such examination, three, one, zero and seven rats for experiments 1, 2, 3 and 4, respectively, were excluded from data analysis due to improper placement of the injection cannula.
Data analysis
Distance traveled (cm), during the 2-h recording period, was analyzed using a two-way repeated-measure analysis of variance (ANOVA) followed by the post-hoc Newman-Keuls test to reveal significant differences between the treatment groups. P<0.05 was considered statistically significant.
Drugs
Cocaine (Sigma, St Louis, Mo., USA) was dissolved in saline prior to intraperitoneal administration. OFQ/N (Phoenix Pharmaceuticals, Inc., Mountain View, Calif., USA) was dissolved in aCSF for ICV or intra-VTA injection. (€) J-113397 hydrochloride, obtained from Research Triangle Institute (Research Triangle Park, N.C., USA), was dissolved in 20% dimethyl sulfoxide (DMSO) for ICV administration. The volume of injection was 0.5 l/side and 5 l for intra-VTA and ICV injection, respectively. The composition of aCSF was (mM): NaCl (125); KCl (2.5); NaH 2 PO 4 (0.9); Na 2 HPO 4 (5); MgCl 2 (1); d-glucose (2.5); CaCl 2 (1.2); bovine serum albumin (0.025%).
Results
Experiment 1: effects of ICV OFQ/N administration on cocaine-induced behavioral sensitization As expected, cocaine increased motor activity on day 1 and this motor stimulatory effect of the drug was attenuated by prior injection of OFQ/N ( Fig. 1 to OFQ/N-SAL group; P<0.05). When the dose of OFQ/N was doubled on day 2 and again on day 3, OFQ/N treatment similarly attenuated the motor stimulatory action of cocaine but showed no significant effect in saline-treated rats due to a reduced locomotor response to aCSF on these days or tolerance to the effect of OFQ/N ( Fig. 1 and Table 1 ). Locomotor activity after a challenge dose of cocaine (7.5 mg/kg, IP), on day 8, is shown in Fig. 2 The post-hoc test showed that among the rats injected ICV with aCSF, the cocaine challenge produced a greater motor stimulatory effect in rats pretreated with cocaine than in animals previously administered saline (P<0.05; compare aCSF-SAL versus aCSF-COC group), indicating that sensitization developed to the motor stimulatory action of cocaine. This sensitized response was blocked in animals that In order to show that the effect of OFQ/N is mediated through the ORL-1 receptor, the effect of OFQ/N on cocaine-induced behavioral sensitization was determined in the presence of J-113397, an ORL-1 receptor antagonist. The ORL-1 receptor antagonist completely blocked the inhibitory action of OFQ/N on day 1 (Fig. 3) . A twoway repeated-measure ANOVA showed a significant Table 1 Effects of ICV or intra-VTA OFQ/N administration on basal motor activity and cocaine-induced motor stimulation. Rats were treated with aCSF or OFQ/N either ICV or directly into the VTA prior to saline or cocaine administration. The same treatment was given for 3 days, except the dose of OFQ/N was doubled on each subsequent day. Rats were left untreated until day 8, when a challenge dose of cocaine alone (7.5 mg/kg, IP) was administered. Values represent means (€SEM) of total distance traveled (cm) during the entire 1-h period after cocaine administration Fig. 2 Repeated ICV administration of OFQ/N blocked the development of cocaine-induced behavioral sensitization. Rats were treated for 3 days, as described in the legend to Fig. 1 , and left untreated until day 8. On the test day (day 8), rats were habituated for 1 h and all rats received a challenge dose of cocaine (7.5 mg/kg, IP) alone. Locomotor activity was thereafter recorded for a further 1 h. Data are means€SEM of 9-11 rats/group . Despite the fact that the dose of OFQ/N was escalated on days 2 and 3, J-113397 was still able to attenuate the action of OFQ/N, the magnitude of the effect of J-113397 was diminished on day 3 (Fig. 3) . The effect of a challenge dose of cocaine, administered on day 8, is illustrated in Fig. 4 The post-hoc test revealed that repeated cocaine treatment in the home cage produced a sensitized response to the motor stimulatory action of the drug (P<0.05, compare aCSF-COC versus aCSF-SAL group). No such sensitization was observed when rats were treated with OFQ/N prior to cocaine administration on days 1-3 (P<0.05, compare OFQ/N-COC versus OFQ/N-SAL or aCSF-SAL group). Thus, OFQ/N blocked the acquisition of cocaineinduced behavioral sensitization regardless of whether the drug was given in the test environment (Fig. 2) or in the home cage (Fig. 5 ).
Experiment 4: effects of intra-VTA OFQ/N administration on cocaine-induced behavioral sensitization Intra-VTA OFQ/N injection had similar effects on locomotor activity on day 1 (Fig. 6 and Table 1 ) to those observed after administration into the right lateral ventricle ( Fig. 1 The post-hoc test revealed that OFQ/N attenuated the motor stimulatory effect of cocaine (P<0.05, compare aCSF-COC versus OFQ/N-COC group) and also sup- Fig. 4 Repeated ICV administration of OFQ/N failed to block the development of cocaine-induced behavioral sensitization in the presence of J-113397, an ORL-1 receptor antagonist. Rats were treated for 3 days, as described in the legend to Fig. 3 , and left untreated until day 8. On the test day (day 8), rats were habituated for 1 h, and all rats received cocaine (7.5 mg/kg, IP). Locomotor activity was recorded for 1 h. Data are means€SEM of five to eight rats/group Fig. 5 Intracerebroventricular OFQ/N administration blocked acquisition of cocaine-induced behavioral sensitization regardless of context. Rats were treated with either aCSF or OFQ/N (15 nmol, ICV) followed by saline or cocaine (20 mg/kg, IP) in their home cages. The same treatment was given for 3 days, except the dose of OFQ/N was doubled on day 2 and again on day 3. On day 8, rats were habituated to the testing chambers for 1 h, and all rats received a challenge dose of cocaine (7.5 mg/kg, IP) alone. Locomotor activity was measured for an additional 1 h. Data are means€SEM of five to eight rats/group pressed motor activity (P<0.05, compare aCSF-SAL versus OFQ/N-SAL group). Similar to experiment 1, the inhibitory effect of OFQ/N was still evident in cocaine-, but not saline-treated, rats on days 2 and 3. Locomotor activity after a challenge dose of cocaine (7.5 mg/kg, IP) on day 8 is illustrated in Fig. 7 . A two-way repeatedmeasure ANOVA revealed a significant effect of treatment [F(3,32)=6.51; P<0.05], a significant effect of time with regard to cocaine injection [F(7,224)=62.95; P<0.05] and a significant treatmenttime interaction [F(21,224)=7.59; P<0.05]. Again, the Newman-Keuls post-hoc test revealed that the motor stimulatory action of cocaine was enhanced in rats pretreated with aCSF followed by cocaine (P<0.05; compare aCSF-SAL versus aCSF-COC), indicating that sensitization developed to the effect of cocaine in this group. Also similar to experiment 1, the sensitized response was blocked in rats that received OFQ/N prior to systemic cocaine administration on days 1-3 (P<0.05; compare aCSF-COC versus OFQ/ N-COC group).
Discussion
The main finding of the present study is that escalating doses of OFQ/N administered ICV or directly into the VTA prior to systemic cocaine administration blocked the development of cocaine-induced behavioral sensitization. The action of OFQ/N was not context-dependent and was blocked by J-113397, an ORL-1 receptor antagonist.
The ability of OFQ/N to modulate dopaminergic and glutamatergic neurotransmission in the central nervous system is well established. Since dopamine and particularly glutamate systems have been implicated in cocaineinduced behavioral sensitization (for review, see Vanderschuren and Kalivas 2000) , in the present investigation we determined the action of OFQ/N on this phenomenon. Consistent with our previous findings, we found that OFQ/N administration, either ICV or directly into the VTA, acutely suppressed basal motor activity and the motor stimulatory action of cocaine (Narayanan and Maidment 1999; Lutfy et al. 2001a) . Similarly, we observed a trend for the motor stimulatory effect of cocaine to be enhanced when OFQ/N was administered repeatedly into the VTA (and to a lesser extent after ICV administration) in the absence of cocaine treatment (Figs 2, 5 and 7). However, our earlier report (Narayanan and Maidment 1999) showed that intra-VTA OFQ/N administration failed to block cocaine-induced behavioral sensitization. Since, in the previous study, the same dose of OFQ/N was administered each day during the induction of sensitization, we considered the possibility that tolerance may have developed to the action of OFQ/N (Devine et al. 1996b; Lutfy et al. 1999 ). The present study was therefore designed to re-investigate the action of OFQ/N on cocaine-induced behavioral sensitization using an escalating dosing paradigm in an attempt to counteract the development of tolerance. Using this approach, we first tested the effect of ICV OFQ/N administration on Fig. 6 Intra-VTA administration of OFQ/N (7.5, 15, 30 nmol on day 1, 2, 3, respectively) blocked the motor stimulatory action of cocaine on days 1-3. Motor activity was recorded for 1 h (in 15-min epochs) before and after intra-VTA administration of aCSF or OFQ/N immediately followed by saline or cocaine (20 mg/kg, IP) administration. Data are means€SEM of nine rats/group Fig. 7 Repeated direct injection of OFQ/N into the VTA blocked the development of cocaine-induced behavioral sensitization. Rats were treated for 3 days, as described in the legend to Fig. 3 , left untreated for 4 more days and challenged with cocaine on day 8. On the test day (day 8), rats were habituated to the testing chambers for 1 h, and all rats received a challenge dose of cocaine (7.5 mg/kg, IP) alone. Locomotor activity was recorded 1 h after cocaine administration. Data are means€SEM of nine rats/group cocaine-induced behavioral sensitization. Subsequently, we determined the effect of OFQ/N administered directly into the VTA on this phenomenon because the inhibitory action of OFQ/N on motor activity and extracellular dopamine is mediated, at least in part, in the VTA Narayanan and Maidment 1999; Lutfy et al. 2000) . In each case, the use of escalating doses produced the predicted attenuation of cocaine-induced motor stimulation on each day of the 3-day treatment period. Furthermore, the data clearly show that concomitant administration of escalating doses of OFQ/N via either route of administration blocked the development of cocaine-induced behavioral sensitization.
OFQ/N shows structural similarities to endogenous opioid peptides, particularly to dynorphin A (1-17) (Meunier et al. 1995; Reinscheid et al. 1995) , administration of which also blocks sensitization to cocaine (for review, see Shippenberg and Rea 1997) . Since we used relatively high doses of OFQ/N, the possibility that OFQ/N was acting through the kappa site to block cocaine-induced motor stimulation and behavioral sensitization has to be considered. Indeed, Florin and colleagues (1996) suggested that motor suppression at high doses of OFQ/N might be explained by non-specific binding of OFQ/N to kappa opioid receptors. However, we found that the action of OFQ/N on cocaine-induced motor stimulation and behavioral sensitization was blocked by J-113397, an ORL-1 receptor antagonist (Kawamoto et al. 1999) , indicating that OFQ/N's actions in this regard are mediated via a specific interaction with the ORL-1 receptor.
It is possible that OFQ/N blocked the development of behavioral sensitization to cocaine simply by virtue of its ability to attenuate the acute effect of cocaine on days 1-3. However, one should bear in mind that the motor stimulatory action of cocaine on days 1-3 was not totally blocked by OFQ/N. Indeed, cocaine still produced a significant (P<0.05) motor stimulation as compared to control rats (Figs 1 and 6 ; compare OFQ/N-COC versus OFQ/N-SAL). However, the development of sensitization was totally blocked. Furthermore, there is some evidence showing that blockade of motor stimulatory action of cocaine by a dopamine receptor antagonist does not lead to blockade of cocaine-induced behavioral sensitization (Steketee 1998; White et al. 1998 ; for review, see also Vanderschuren and Kalivas 2000 and references therein). Nevertheless, since OFQ/N attenuated the motor stimulatory action of cocaine on days 1-3, it is possible that rats that received OFQ/N prior to cocaine experienced the test environment quite differently from the rats that received aCSF prior to cocaine administration on days 1-3. This is an important consideration because a component of cocaine-induced behavioral sensitization is context-dependent (for review, see Post et al. 1987) . However, OFQ/N retained the ability to block the development of cocaine-induced behavioral sensitization when OFQ/N and cocaine were administered in the home cage during the induction of sensitization and challenged in a novel environment (Fig. 5) . Thus, it appears that OFQ/N is acting through a novel mechanism to block acquisition of cocaine sensitization, primarily involving prevention of long-term plastic changes produced by repeated cocaine administration.
The present data highlight the VTA as a possible site of action of OFQ/N in this regard but cannot rule out other sites. Importantly, OFQ/N has been shown to block LTP in hippocampal slices (Yu et al. 1997 ) and impair spatial learning (Sandin et al. 1997; Redrobe et al. 2000) in rats. Furthermore, OFQ/N administration blocks morphine-induced conditioned place preference Ciccocioppo et al. 2000) and tolerance (Lutfy et al. 2001b) , both of which rely on associative learning processes. Moreover, nociceptin-knockout mice display enhanced learning ability in the water-maze test (Manabe et al. 1998) , water finding task and passive avoidance task (Mamiya et al. 1999 ). These mice also show a greater LTP (Manabe et al. 1998) in the hippocampal CA1 region as compared to their wild-type littermates (see also Noda et al. 2000 , for review). Thus, it seems possible that OFQ/N could interfere with memory processing and block cocaine-induced behavioral sensitization. Such processes are known to involve activation of the N-methyl-daspartate (NMDA) subtype of glutamate receptors (for review, see Wolf 1998; Vanderschuren and Kalivas 2000) . Reports of OFQ/N-induced inhibition of glutamate release in the cortex (Nicol et al. 1996) and lateral amygdala (Meis and Pape 2001) are therefore of interest in this regard.
Our data provide no further information as to the mechanisms underlying this action of OFQ/N. Repeated intermittent cocaine treatment has been shown to modify endogenous opioid peptide gene expression (Sivam 1989; Hurd et al. 1992 ) and opioid receptor number (Hammer et al. 1989; Unterwald et al. 1992) . Furthermore, mu and delta opioid receptor antagonists have been shown to block the development of cocaine sensitization (Sala et al. 1995; Heidbreder et al. 1996) . OFQ/N has been shown to oppose the action of mu and delta opioid receptor agonists in a number of physiological systems (for review, see Mogil and Pasternak 2001) . It is therefore possible that OFQ/N acts in a similar manner to block the development of cocaine-induced behavioral sensitization.
In summary, OFQ/N when administered ICV or directly into the VTA, in escalating doses, prior to systemic cocaine administration, blocks the development of cocaine-induced locomotor sensitization. This action of OFQ/N was selectively mediated through the ORL-1 receptor because OFQ/N failed to exert its inhibitory effects in the presence of J-113397, an ORL-1 receptor antagonist. Given the proposed importance of such sensitized response to addictive process, OFQ/N and its receptor could represent new pharmacotherapeutic targets for the treatment of cocaine addiction. DA09045, respectively. Special thanks to Mr. and Mrs. Garen Staglin for their support of the NARSAD award.
